We present a detailed calculation on B → K * transition form factors (TFFs), V , A0,1,2 and T1,2,3, within the QCD light-cone sum rules (LCSR). To suppress the contributions from high-twist LCDAs, we adopt a chiral correlator to do the LCSR calculation. The resultant LCSRs for B → K * TFFs do show slight dependence on those uncertain high-twist LCDAs. We suggest a convenient model for the transverse leading-twist LCDA φ
I. INTRODUCTION
The B-meson rare decays mediated by the penguininduced flavor-changing-neutral-current transition provide excellent platform for precision tests of standard model (SM) and for probing new physics beyond the SM. Those decays are always suppressed by the loop effects and by the Cabibbo-Kobayashi-Maskawa matrix elements, thus, contributions from new physics interactions could be significant and their effects to the decay rates could be observed. Among those decay channels, the B-meson semi-leptonic decay, B → K * µ + µ − with K * → Kπ, arouses people's great interest. Its measurable quantities include the muon forward-backward asymmetry, the longitudinal polarization fraction, the differential and total branching fractions, and etc.. Theoretically, those observables have been studied by using the effective Hamiltonian with or without new physics contributions to the Wilson coefficients, cf.Refs. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Experimentally, many measurements have been done by the CDF collaboration [18] [19] [20] , the BABAR collaboration [21] , the Belle collaboration [22] , the LHCb collaboration [23] [24] [25] [26] [27] [28] , the ATLAS collaboration [29] , and the CMS collaboration [30] , respectively. More specifically, the Belle collaboration gives the total branching fraction B(B → K * ℓ + ℓ − ) = (1.07
+0.11
−0.10 ± 0.09) × 10
(ℓ = e, µ) [22] and the LHCb collaboration gives B(B → K * µ + µ − ) = (1.16 ± 0.19) × 10 −6 [23] [24] [25] . Before introducing any new physics phenomenology, it is best to have a more precise estimation within the SM. To achieve a precise SM determination of B → K * µ + µ − , we are facing the problem of determining the nonperturbative hadronic matrix elements, or the B → K * * wuxg@cqu.edu.cn transition form factors (TFFs). There are totally seven transition form factors for the B → vector meson decays, which are main error sources for the SM predictions. In Table I , we present the relationships among the non-perturbative matrix elements and the TFFs. Here V stands for the TFF defined via a vector current, A 0,1,2 are the TFFs defined via an axial-vector current, T 1 is the TFF defined via a tenser current, and T 2,3 are the TFFs defined via an axial-tenser current. Those B → K * TFFs have been studied under various frameworks, such as the relativistic quark model [31, 32] , the QCD light-cone sum rules (LCSR) [33] [34] [35] [36] [37] , or the lattice QCD [38] [39] [40] [41] .
The QCD LCSR is applicable for low and intermediate q 2 region, which can be conveniently extended to all allowable q 2 region. Thus a more precise LCSR prediction with less theoretical uncertainties shall be helpful for a better understanding of those TFFs and the B → K * µ + µ − decay. The LCSR is based on the operator product expansion (OPE) near the light cone, its non-perturbative dynamics can be parameterized into the light-cone distribution amplitudes (LCDAs) with increasing twists. Several approaches have been adopted to study the vector meson LCDAs, such as the ρ-and K * -meson LCDAs properties [42] [43] [44] [45] [46] [47] . The vector meson LCDAs have a much complex structure, one can arrange them by a parameter δ ≃ m K * /m b ∼ 0. 17 1 -order or higher, but they may provide sizable contributions to the LCSR. Thus, it is helpful to find a proper way to suppress those uncertain sources as much as possible to achieve a more precise prediction. In this paper, via a proper choice of LCSR correlator, we shall show that the contributions from the higher-twist LCDAs can be highly suppressed or eliminated. For example we shall show that all the contributions from the δ 1 -order LCDAs can be exactly eliminated. Then, the precision of the QCD LCSRs for B → K * TFFs can be improved. As a byproduct, we can further fix the properties of φ ⊥ 2;K * at the δ 0 -order to a certain degree via comparison with the experimental data on the B → K * µ + µ − decay. The remaining parts of the paper are organized as follows. In Sec. II, we present the calculation technology for the B → K * TFFs. In Sec. III, we present our numerical results for the B → K * TFFs and the differential branching fraction dB/dq 2 for the B → K * µ + µ − decay. Sec. IV is reserved for a summary.
II. CALCULATION TECHNOLOGY
The B → K * TFFs, A 0,1,2 , V , T 1,2,3 and T 3 , can be defined as follows,
where e (λ) stands for K * -meson polarization vector with λ being its transverse (⊥) or longitudinal ( ) component, respectively. p is the K * -meson momentum and q = p B − p K * is the momentum transfer between B-meson and K * -meson. There are some relations among those TFFs, thus not all of them are independent, i.e.
And at the large recoil region q 2 = 0, we have
To derive the LCSRs for those TFFs, we need to deal with the following two correlators:
where q 1 stands for u or d quark. The correlators (7, 8) are analytic q 2 -functions defined at both space-like and time-like q 2 -region. On the one hand, in the time-like region, the longdistance quark-gluon interactions become important and, eventually, the quarks form hadrons. In this region, one can insert a complete series of intermediate hadronic states in the correlator and obtain its hadronic representation by isolating the pole term of the lowest pseudoscalar B-meson: 
(17) On the other hand, in the space-like region, the correlator can be calculated by using the QCD OPE. In this region, we have ( 
where G µν is the gluonic field strength and g s denotes the strong coupling constant. Using this b-quark propagator and carrying out the OPE for the correlator, we obtain the QCD expansion of Π QCD(I,II) µ with 2-particle and 3-particle Fock states' contributions, (20) where G µν (vx) = ǫ µναβ G αβ (vx)/2. Up to twist-4 accuracy, the non-zero meson-to-vacuum matrix elements with various γ-structures, i.e. Γ = 1, iγ 5 and σ µν , can be expanded as [48] :
where
and we have set
.
, in which α = {α 1 , α 2 , α 3 } corresponds to the momentum fractions carried by the antiquark, quark and gluon, respectively.
Then, by equating the correlators within different q 2 -regions and by applying the conventional Borel transformation, we obtain the required LCSRs for the B → K * TFFs, which are listed in the following equations:
The surface terms δ(c(u 0 , s 0 )) and ∆(c(u 0 , s 0 )) for the 2-particle DAs are
III. NUMERICAL RESULTS AND DISCUSSION

A. Basic input
In doing the numerical calculations, we take the K * decay constant f ⊥ K * = 0.185(9) GeV [48] , the b-quark pole mass m b = 4.80 ± 0.05 GeV, the K * -meson mass m K * = 0.892GeV, the B-meson mass m B = 5.279 GeV [49] , and f B = 0.160 ± 0.019GeV [42] .
As shall be shown later, the dominant contributions to LCSRs (26) (27) (28) (29) (30) (31) (32) (33) are from the leading-twist LCDA φ
that are at the δ 1 -order provide zero contributions; and all non-zero twist-3 and twist-4 LCDAs, which are at the δ 2 -order, can only provide less than 10% contribution to the LCSRs. Thus, theoretical uncertainties from the choices of high-twist LCDAs themselves are highly suppressed. For clarity, we take those high-twist LCDAs to be the ones suggested by Ref. [48] . The K * -meson transverse leading-twist DA φ ⊥ 2;K * can be derived from its light-cone wavefunction (LCWF). They are related via the relation
where f
Following the idea of Ref. [50] , one can separate the K * -meson LCWF into radial part and spin-space part (we call it as the WH model), whose radial part ψ R 2;K * is constructed from the BHL-prescription [51] and the spin-space part χ h1h2 K * (x, k ⊥ ) is from the Wigner-Melosh rotation [52] . More specifically, the WH LCWF states (38) where
The s-quark with mass m s carries a fraction x of the meson light-cone momentum and the light-quark with mass m q carriesx or (1 − x) of the meson light-cone momentum. The spin-space wavefunction
Then, one can get the WH-DA
where Erf(x) = MeV. In addition to the normalization condition, the average value of the squared transverse momentum can be regarded as another constraint, which is defined as
We take its value to be 0.37 GeV, which is consistent with that of Ref. [50] for the light-mesons.
We put the K * -meson leading-twist LCDA parameters for some typical choices of B ⊥ 2;K * in Table II , where we have taken B Table II , which are calculated via the formula The Gegenbauer moments a ⊥ n at any other scale can be obtained from QCD evolution equation [44] 
, where β 0 = 11 − 2n f /3 and the one-loop anomalous dimension γ
In addition to the WH-DA model, other φ ⊥ 2;K * models have also been suggested in the literature. Following the standard Gegenbauer expansion, it is suggested by Ball and Braun (we call it as the BB-DA model) [48] , a ⊥ 1 (1GeV) = 0.04(3) and a ⊥ 2 (1GeV) = 0.10(8). Another typical model based on the AdS/QCD theory has been suggested in Refs. [53, 54] , we call it as the AdS/QCD-DA model. We put the twist-2 LCDA φ ⊥ 2;K * (x, µ 0 ) in Fig. 1 , in which the WH-DA, BB-DA and AdS/QCD-DA models are presented as a comparison. The small asymmetries of those LCDAs indicate small K * -meson SU f (3)-breading effects. Fig. 1 shows that the WH-DA model provides a convenient form to mimic the behavior of various DA models: when taking B ⊥ 2;K * ≃ 0.03, the WH-DA behaves closely to the AdS/QCD-DA; when taking B ⊥ 2;K * ≃ 0.08, the WH-DA behaves closely to the BB-DA. In the following, we shall take the WH-DA model with B 
B.
B → K * transition form factors
We adopt the following criteria to set the LCSR parameters, such as the Borel window and s 0 , for the B → K * TFFs. First, we require the continuum contribution to be less than 30% of the total LCSR. Second, we require all high-twist DAs' contributions to be less than 15% of the total LCSR. Third, the derivatives of the LCSRs (26-33) with respect to (−1/M 2 ) provide the LCSRs for m B . And, to be self-consistent, we require all the predicted B-meson masses from those LCSRs to be full-filled in comparing with the experimental one, e.g. Table III . As a minor point, the flatness of those TFFs over the Borel parameter M 2 1 , as can be indicated by small M 2 -uncertainties shown in Table IV , also ensure the reliability of our present calculation. As for T 1 , T 2 and T 3 , their s 0 and M 2 are to be the same, which are consistent with the relations (5) 9.2(5) 36.1(5) 9.2(5) 37.5(5) 10.0(5) 39.3(5) 12.9(5) 39.7(5) 13.5(5) 36.8(5) 9.8(5) 1 The flatness has sometimes been adopted as a criteria to set the Borel window, cf. a review on the QCD sum rules [55] . [34] , the AdS/QCD [46] predictions are presented as a comparison. We present the B → K * TFFs at the large recoil region q 2 = 0 in Table IV , in which B ⊥ 2;K * = 0.0, 0.1 and 0.2 are adopted. In Table IV , we also present the available predictions by Ball and Zwicky (BZ) [34] and the AdS/QCD predictions by Ref. [46] . During the calculation, the factorization scale µ is set as the usual typical momentum transfer of
. It is noted that even though, we have taken different correlators to do the LCSR calculation in comparison to that of Ref. [34] , the central values of our present LCSRs agree with those of Ref. [34] under the similar twist-2 LCDA with B ⊥ 2;K * ∼ 0.1 or a ⊥ 2 ∼ 0.1. This agreement could be treated as a cross check of different LCSR calculations. The high-twist LCDAs are uncertain and their errors shall provide large uncertainties to the LCSRs derived under the usual choice of chiral correlator. On the other hand, by using the chiral correlators (7, 8) , those high-twist LCDAs' contributions can be suppressed to a large degree, then the accuracy of the LCSRs can be greatly improved. For example, we find that the contributions from the twist-3 LCDA Φ 3;K * and the twist-4 LCDA Ψ ⊥ 4;K * provide less than 0.1% of the total LCSRs, thus their own uncertainties are highly suppressed. Because of the suppression of the most uncertain high-twist contributions, our present LCSRs provide a good platform for testing the behaviors of the leading-twist φ ⊥ 2;K * . Moreover, Table IV shows that all B → K * TFFs decrease with the increment of B 
2 via the formulae
where F i stands for the TFFs A 0,1,2 , V or T 1,2,3 , respectively. The parameters a i and b i can be determined by requiring the "quality" of fit (∆) to be less than one [34, 42] . Here ∆ is defined as
The derived fitting parameters are put in Table V .
We put the extrapolated . As a comparison, the lattice QCD [41] and AdS/QCD [46] predictions are also presented.
where r = m
, and the phase-space factor λ = 1 + r 2 + s 2 − 2r − 2s − 2rs. The muon velocity
, where m µ is muon mass. τ B is the average lifetime of those of B 0 -and B + -mesons [49] . The coefficients A, B 1,2 , C and D 1,2,3 are functions of B → K * TFFs and the Wilson coefficients, whose explicit forms can be read from Ref. [56] .
Our predictions for the differential branching fraction of B → K * µ + µ − are presented in Fig. 4 , where the LHCb data [23] [24] [25] and the AdS/QCD prediction [46] are included as a comparison. For the LHCb data, we have adopted the weighted average of the branching fractions
We take three typical values for the WH-DA model, i.e. B [22] , the LHCb data [23] [24] [25] , and the AdS/QCD prediction [46] are included as a comparison.
ing fraction are suppressed due to correlations among different TFFs. Those results indicate that the total branching fraction for B → K * µ + µ − decrease with the increment of B ⊥ 2;K * . It is found that when taking B ⊥ 2;K * ∼ 0.1, the predicted total branching fraction shows a better agreement with the LHCb measurements [23] [24] [25] within errors, which is also agrees with a pQCD prediction by including the O(α s ) and Λ QCD /m b corrections, i.e. B(B → K * µ + µ − ) = (1.19 ± 0.39) × 10 −6 [57] . When the precision of experimental measurements has been improved in the future, we may get a definite conclusion on the K * -meson transverse leadingtwist LCDA φ ⊥ 2;K * .
IV. SUMMARY
We have recalculated the B → K * TFFs by using the LCSR approach and by taking the SU f (3)-breaking effect into consideration. To constrain the pollution from the uncertain high-twist LCDAs to the LCSRs for those TFFs, we have adopted the chiral correlator to do the LCSR calculation.
The LCSRs (26) (27) (28) (29) (30) (31) (32) (33) show that the chiral-even DAs φ 2;K * , φ 
